BACKGROUND/OBJECTIVES: Air-displacement plethysmography (ADP) body composition systems utilize a precise pre-test protocol that must be followed for each trial. Previous research has shown that body temperature changes influence the results when using ADP as a measurement. The objective of this study is to determine the effect of post-exercise body temperature changes on body composition results using ADP. SUBJECTS/METHODS: Forty young adults (18-30 years) participated in the study (23 females, 17 males). Resting heart rate was measured to calculate exercise intensity. First, an ADP test was done according to the instructions outlined by the manufacturer. Upon completion of the ADP test, the subject exercised on a treadmill at moderate intensity (B65% heart rate reserve) for 30 min to increase body temperature. Another ADP measurement followed the physical activity. Chamber temperature (CT) was measured during each of the trials using a thermistor to assess changes. Fat mass (FM), fat-free mass (FFM), percentage body fat (%BF) and CT were compared pre-and post exercise. RESULTS: Paired sample t-tests revealed significant differences (Po0.05) between pre-exercise %BF and post-exercise %BF (21.3 ± 9.8% vs 19.6 ± 10.2%), pre-exercise CT and post-exercise CT (22.7 ± 1.2 vs 23.0 ± 1.1 1C), and pre-exercise FM and post-exercise FM (14.9±7.9 vs 13.8±8.0 kg). FFM showed no significant difference. CONCLUSION: This investigation demonstrates the importance of following the manufacturer's recommended pre-test protocol as the accuracy of the ADP testing may be compromised, resulting in lower FM and %BF estimations.
INTRODUCTION
Innovations in body composition measurement have given way to the development of the BOD POD. Through utilizing air-displacement plethysmography (ADP), the BOD POD has provided a faster, more convenient alternative to hydrostatic weighing without compromising accuracy and precision of measurement. Introduced in 1994, the BOD POD Body Composition Tracking System has since been the subject of extensive research regarding its validity. The majority of the studies conducted have focused on comparing the modern technology of the ADP system to past methods of body composition measurement. These studies have abided by the terms and regulations set forth by Life Measurement, INC. (Concord, CA, USA) defining the proper administration of a BOD POD test. However, these guidelines have not been extensively challenged with outside studies nor have they been sufficiently defended through research as to their relevance or validity.
Among the many specifications listed for proper administration of BOD POD measurement include preparation of the subject, which consists of '(verifying) the subject is comfortable, relaxed, dry, and has not eaten or exercised for three to four hours prior to testing'. 1 Despite the extensive detailing of test protocol, there is limited evidence published to support such specifications. Life Measurement, INC. recognizes that, 'when a subject is tested too soon after exercising, the possibility exists for inaccurate lung and body volume measurements,' which would ultimately result in inaccurate measurements of body composition. 1 However, the specific relationship between acute exercise before testing and the effect it would have on the BOD POD measurement is not well identified. Instead of defining the aforementioned relationship, preventative measures are taken to merely eliminate the possibility of error. Further research is necessary to determine the extent and significance of acute aerobic exercise on body composition measurements utilizing the device. Therefore, the purpose of this study was to determine whether performing moderate-intensity exercise immediately before BOD POD testing will create a significant alteration of results.
SUBJECTS AND METHODS Population
Forty college-aged men and women from the University of Akron gave consent to participate in the study that was approved by the Institutional Human Subject Review Board. The subjects completed a Physical Activity Readiness Questionnaire 2 to screen for major exercise contraindications.
Initial testing
Before testing, a target heart rate calculation was determined for each subject. This involved taking a resting heart rate for 60 s for each participant using the Karvonen Formula 3 to determine a value of 65% of heart rate reserve.
Following heart rate intensity calculation, an initial BOD POD measurement was performed. All testings for the BOD POD and scale were followed in accordance with the manufacturer's guidelines.
Participants had not eaten or exercised for at least 2 h before the test, were not wearing jewelry or glasses and were dressed in tight-fitting shorts, a lycra swim cap and a sports bra (for female participants). The same clothing was worn for the pre-exercise and the post-exercise measurements. After weight was determined, a volume calibration trial took place using a graduated cylinder to maintain accurate results. This was followed by 2-3 50-s measurements with the subject in the BOD POD using estimated thoracic lung volume to determine fat mass (FM), fat-free mass (FFM) and percentage body fat (%BF). The temperature in the cabin of the device was taken at the beginning and end of each 50-s measurement of the subject pre-and post exercise. Cabin temperature was determined by placing a thermistor in the chamber (YSI Model 47TA Scanning Tele-Thermometer; Yellow Springs Instruments, Inc., Yellow Springs, OH, USA). A reading was taken by the test administrator in the last 10 s of each BOD POD measurement. The values for temperature, weight, FM, FFM and %BF were recorded.
Cardiovascular exercise protocol
Once the initial BOD POD procedure was complete, a cardiovascular exercise session commenced. Each subject was fitted with a Polar Heart Rate Monitor to observe exercise intensity (Polar Electro Oy., Kempele, Finland). The exercise was completed on a Quinton treadmill (Bothell, WA, USA) in which each subject performed a 3-min warm-up to begin training and gauge the intensity level for the subject. This was followed by a 30-min exercise bout at approximately 65% of the heart rate reserve value calculated previously. Speed and incline were used to maintain the desired heart rate of 65% of each subject's heart rate reserve, and a steady state was maintained. Speed, incline and heart rate were recorded every 5 min to ensure a stable intensity level. Once the training session was completed, a 3-min cool down was performed to maintain subject safety.
Post-exercise testing
Immediately following the exercise session, a second BOD POD measurement was performed using the same procedures as for the pre-exercise measurements, including weight, cabin temperature and body volume.
Data analysis
Descriptive statistics, including means and s.d., were performed, and paired t-tests were used to determine if differences between pre-exercise and post-exercise estimates of %fat, chamber temperature (CT), FM, FFM and CT was observed. Statistical significance was set at Po0.05. All statistics were performed using SPSS statistical software (version 16.0; SPSS Inc., Chicago, IL, USA).
RESULTS
Forty college-aged (25.0 ± 8.6 years; range: 18-54 years) men (n ¼ 22) and women (n ¼ 18) completed the pre-and post-exercise measures. Mean weight was 70.4±13.0 kg (range: 48.4-96.9 kg) and mean height was 172.6 ± 9.4 cm (range: 150.0-188.0 cm). The results revealed significant differences (Po0.05) between pre-exercise %BF and post-exercise %BF, pre-exercise CT and post-exercise CT, pre-exercise FM and post-exercise FM, and pre-exercise weight and post-exercise weight as shown in Table 1 . However, no difference in FFM pre-vs post exercise was observed.
DISCUSSION
This study examined the effect of acute exercise on %BF, FFM and FM, using the BOD POD. Results of the study indicated that CT, %BF and FM were all significantly greater following 30 min of aerobic exercise. However, there was no significant difference in FFM. Previous similar studies have yielded conflicting results. 4, 5 Fields et al. 5 proposed that under extreme internal environmental changes, the ability for the BOD POD to control adiabatic aircorrection factor of body surface area may be comprised, resulting in underestimations of body volume. Under the normal manufacture guidelines, which include adhering to no exercise, drinking or eating 2 h before all testing, the BOD POD generally operates under adiabatic conditions. In brief, the BOD POD utilizes ADP to determine body volume, which is then combined with weight measurements to calculate total body density. The system employs the use of Boyle's law, which is defined as follows: P1/P2 ¼ V2/V1. P1 and V1 are the pressure and volume of the empty test chamber, whereas P2 and V2 are the pressure and volume of the test chamber upon the entry of the subject. This equation is used to calculate the volume of the subject (V2) using the measurements ascertained during testing. Once body volume and mass have been determined and calculated into body density, fat and FFM proportions can be computed. 1 The performance of acute exercise results in an increase in body temperature due to the production of heat, a by-product of metabolism. Temperature fluctuations within the BOD POD chamber are said to have no effect on measurement outcome, as the ADP system measures volume directly by the amount of air displaced.
1 Although Boyle's law is the specific dual-variable gas law employed by the ADP system in the calculation of volume, this law fails when in the presence of additional variables, such as temperature. When following the BOD POD testing protocol, the possibility of temperature being a variable is eliminated by requiring the test to be conducted in a resting state with the room at a comfortable temperature. Under these circumstances leading to an inaccurate body composition, Boyle's law holds true and can accurately calculate body volume. However, the BOD POD accuracy after exercise and the concomitant increase in body temperature need to be considered when employing the ADP system if the test is conducted in a non-resting state. With the addition of temperature, Boyle's law will not be accurate and thus will yield an erroneous body volume, leading to an inaccurate body composition calculation. Given that exercise will result in a temporary increase in body temperature, it is apparent that the effect on BOD POD accuracy at such temperature extremes needs further analysis. Following exercise, body temperature of both exceeds that of a resting state and fluctuates until homeostatic body temperature is regained. Similar results to the current study were observed in a study where subjects underwent hydrostatic weighing as a method to increase skin temperature and were then immediately tested in the BOD POD. 5 Therefore, it can be assumed that an increase in skin temperature after exercise will affect the ADP measurement and that body temperature is a variable that must be considered to ensure accurate readings.
Another physiological response to exercise is sweating, which aids in thermoregulation by ridding the body of excess heat. During any given exercise session, the loss of fluids through sweat can lead to a decrease in weight as well as a decrease in body volume. Dehydration has been established to contribute to measurement errors when utilizing certain body composition measurement techniques. Both skinfold testing and bioelectrical impedance analysis are significantly affected by hypohydration, resulting in a decreased skinfold thickness by as much as 15% and an overestimate of %BF due to an increased resistance. 6 Research has indicated that roughly a 2% decrease in body weight due to dehydration results in a reduced body composition measurement when using ADP. 7 The ADP system assumes that, 'adults are identical in their ratios of water, protein and mineral and that they differ only in the amount of body fat'. 8 Because the fluid content of each body differs, fluid loss due to sweating will not likely occur Exercise and BOD POD accuracy R Otterstetter et al at identical levels in each individual. Rapid dehydration, as occurs through exercise and sweat loss, will decrease both mass and volume in the individual, thus influencing the body composition measurement. The quantitative relationship between acute sweat loss or exercise and decreased ADP system measurements has yet to be established.
Following acute moderate-intensity exercise, an increase in body temperature and a decrease in fluid due to sweating will occur to some extent. The combination of these factors will likely lead to a significant underestimation of %BF. Therefore, it is sensitive to changes and is able adapt to environmental factors once the subject is placed in the chamber. Our results are in agreement with those of Fields et al. 5 who found that as body temperature increased the %BF measured decreased; however, it is in disagreement with the results of Tegenkamp et al. 4 who found no significance in %BF as the body temperature measurement increased. The methods by which the body was warmed up in both of these studies differed from the current study. Tegenkamp et al. 4 increased the subject's temperature by having them sit under a heat lamp for 20 min. This method would not be readily available for subjects used to increase their body temperature. The study by Fields et al. 5 tested subjects immediately before and after a hydrostatic weighing procedure. It included only female participants and failed to state the average amount of time each subject was in the water as well as the change in CT. The similarity between our study and their study is the increase in moisture inside the chamber during the testing. With our subject's increased sweating after exercise, this factor possibly mimicked the increased moisture after the hydrostatic weighing from the other study. This factor becomes important because when a simple linear regression was calculated predicting subject's change in %BF based on the change in body temperature from the BOD POD, the regression equation was not significant (F (1,37) ¼ 0.14, P40.05), with an r 2 of À 0.03, indicating that, in the current study, the subject's BOD POD temperature change was not a significant predictor of change in %BF.
Possible limitations of the current study include using both genders as subjects. The differences in heat dissipation and amount of clothing worn during the measurements by the genders may influence the possible change in temperature in the chamber. Future studies may consider comparing the use of tight-fitting moisture-wicking apparel to elucidate the possible difference.
The results of the present study show that aerobic exercise before performing a BOD POD test significantly alters estimates of %BF and FM. For that reason, it behooves the test administrator to ensure that the subjects being tested have complied with the manufacturer's recommended pre-test protocol, as changes in body temperature can compromise the accuracy of ADP body composition measurements.
